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Å Until recently, CubeSats and NanoSats have relied solely upon heaters and 

thermal coatings to achieve thermal control. 

Å Deployable solar panels are changing CubeSat thermal dissipations: 

ï More Power Available

ï Larger Power Dissipation Ratio

Å CubeSats are starting to be used on interplanetary missions:

ïMarCO is accompanying Insight Spacecraft to Mars in 2018 [1]

ï Missions beyond Mars will likely require a thermal turn down device.

Introduction

MarCO

CubeSat  [1]
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Å Louvers

ï Typically use bimetallic springs and low Ůvanes 

and yield turn down ratio of ~ 7:1 [2]

ï Recently adapted for CubeSats by GSFC [3, 4]

ï Planned for use on Dellingr CubeSat [4]

Å Thermal Switches 

ï Typically use paraffin wax phase change to 

provide a turn down ratio of up to 100:1 [2]

ï Heat Switch Radiators have been developed with 

a turn down ratio of 20:1 [5]

Å Fluid Loops

ï Valves or pump modulation used for turn down

ï Ongoing work though NASA/University 

Partnerships [7, 8]

Å Primary challenge for turn down technology in 

CubeSats is cost and volume constraints!

Current Turn Down Technology

Cube Sat Louver [4]

Heat Switch [6]

CryoCubeSat Concept [7]
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ÅHeat Switch has two modes:
- Hot (ON): Plates are in 

contact through bolts

- Cold (OFF): Plates will be 

separated from one another

ÅShape Memory Alloys (SMA)
- Crystalline structure can 

change between Martensite

(Cold) and Austentite (Hot) 

- ñRemembersò original shape 
and deforms once heated 

and/or cooled

- One Way vs. Two Way

1 Way vs. 2 Way SMAs [9]

Hot Side

Cold Side

Hot Side

Cold Side

4



Jet Propulsion Laboratory
California Institute of TechnologySMA Washer Selection

ÅCriteria for Selecting SMA Washer:

- Temperature Range

- Elongation (% strain)

- Two ïWay

- Cost

- Lead Time

Å Selected Washer:

- Intrinsic Devices ïNitinol (Alloy D)

- ‐ ρȢςυϷ

- Operable Temp Range

Å -196 °C to 200 °C
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13 

mm
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Mass Volume

0.107 kg 1.76 x 10-5 m3
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Part Description Quantity Cost 

Flat Wide Washer 316 Stainless Steel, M2 100 $4.17 

Belleville Washer Series 300 Stainless Steel, M2 24 $26.44

Thin Nut 316 Stainless Steel, M2x0.4 25 $3.04 

Aluminum Plate 2024-T3 2 $30.90 

SMA Washers Nitinol, 2-way SMA 4 $600

Bolt 316 Stainless, M2x0.4-6g, length: 16 mm 50 $9.77 

Spacers Delrin® Acetal Resin, M2 40 $36.00 

Total Cost: $710.32

Parts List
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Å Bolt Torque = 176 N-mm

Å Bolt Preload = 440 N
ïP = T/cD = (176 N-mm)/(0.2*2mm) = ╝

Å „ = P/Abolt = Ȣ╜╟╪
ï 29.1 % of Allowable

Å „ ϳὖὃ Ȣ ╜╟╪
ï 1.58 % of Allowable

Å ‐ ϳ„ Ὁ = Ȣ
ïЎὰ ὰz ‐= 0.0000133m = ȢⱧ□

Å Ўὰ ὰ ᶻ‐= ȢⱧ□

ïChange in length of SMA 5 times greater than that of bolts 
guarantees gap in OFF position

Stress Analysis
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Å 200g force applied to the assembly:

ï╕▌ ςππzωȢψρ πzȢρπφχὯὫ ╝

ï╕╫▫■◄Ὂ Ȣ╝

Stress Analysis

A) B)

„ = P/Abolt = Ȣ╜╟╪
32.5% of Allowable

„ ϳὖὃ Ȣ ╜╟╪
1.76 % of Allowable

†
Ὂ

τ
ὃ Ȣ╜╟╪

5.81% of Allowable

τz ‘z Ὂ Ὂ ╝▫╢■░▬

580.8 N > 210 N 10
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Å Use 4 Belleville Washers in Series:

Å With a tolerance of 0.6 mm + 0.1:
ï Gap size will be 1.0 to 1.4 mm

Å Lower bound allowable washer stack height is 1.0 mm
ï Maximum loaded Belleville washer thickness = 0.25 mm
ï 4 x 0.25 mm = 1.0 mm
ï Aluminum plates will contact before spring stack is bottomed out

Å Upper bound allowable washer stack height is 1.4 mm
ï Minimum unloaded Belleville washer thickness = 0.38 mm
ï 4 x 0.38 mm = 1.52 mm
ï Guaranteed gap of > 0.12 mm gap when spring stack is fully expanded

Tolerance Analysis
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WCH Minimum Conductance WCC Maximum Conductance

GSwitch ╖╢ ╞╝ ╖║▫■◄═▼▼▄□╫■◐╖╢╞╕╕ ╖║▄■■▼

GAssembly ╖╡╪▀ ╖╢╞╝ ╖╒▫▪▀ ╖║▫■◄═▼▼▄□╫■◐╖╢╞╕╕ ╖║▄■■▼ ╖╡╪▀

GRad

GCond

GS-ON
GRad

GNut

GWash

GBolt

GWash

GSMA

GS-OFF
GBells
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WCH Minimum Conductance WCC Maximum Conductance

GSwitch 0.333 W/K 0.053 W/K

GAssembly 0.041 W/K 0.012 W/K

0.049 W/K

0.740 W/K

0.016 W/K

0.700 

W/K

0.060 

W/K

0.018 

W/K

0.280 W/K

0.520 W/K

0.002 

W/K
0.037 

W/K

Note: WCC conductance will be reduced 

due to thermal contact resistance

0.333 

W/K
Bolt 

Assembly 

BottleNeck
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1) 2) 3)

4) 5) 6)

NiTi Washer

Delrin Spacer

Al Plate

Belleville Washers
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